Introduction. The most prevalent inflammatory bowel diseases (IBD) include ulcerative colitis (UC) and Crohn's disease (CD). Immune processes play a vital role in the etiopathogenesis of these conditions, involving both cellular and humoral response mechanisms. The aim of this study was to quantify CD40-and CD80-positive cells in the biopsy specimens of large intestinal mucosa from children with IBD. Materials and method. The study comprised 38 children aged between 3-17 years (mean 11.5±3.7 years) -20 boys (52.6%) and 18 girls (47.4%). Eighteen patients were diagnosed with UC on the basis of clinical manifestation, endoscopic and histopathological findings. Mean age of this subgroup was 11.55±4.07 years. A group of 10 children (mean age 12.30±2.83) diagnosed with CD was also included. The control group comprised 10 IBD-free children (mean age 10.28±4.07 years). The surface expressions of CD40 and CD80 were analyzed in large intestine mucosa biopsy specimens, fixed in formaldehyde, embedded in paraffin, and cut with a microtome into 4 µm slices. Results. The number of CD40-and CD80-positive cells in the large intestinal mucosa of children with Crohn's disease and ulcerative colitis was significantly higher than in the controls. The highest number of CD40+ and CD80+ cells was observed in the caecal mucosal membrane of Crohn's disease patients and in the rectal mucosa of individuals with ulcerative colitis. Conclusion. IBD is characterized by elevated, segment-specific, expression of CD40 and CD80.
INTRODUCTION
Ulcerative colitis (UC) and Crohn's disease (CD) are the most prevalent inflammatory bowel diseases (IBD). Immune processes, involving both cellular and humoral response mechanisms, play a pivotal role in the etiopathogenesis of these conditions [1, 2] .
An increased incidence of IBD in children has been observed for several decades, along with a decrease in patients' age. It is estimated that as many as 15% of the patients show initial symptoms of the disease during childhood or even in the neonatal period [3] . the peak incidence, however, is observed around the age of 30. The incidence in pubertal children amounts to 7 per 100,000, increasing to 12 per 100,000 in the young adulthood, i.e. between 20-29 years of age [4] .
In children, a greater number of the new cases are diagnosed with CD than UC. The clinical manifestation of UC in children is frequently more severe than in adults, with 70-80% of paediatric patients suffering from pancolitis as early as at the initial diagnosis. Pancolitis, along with the involvement of the upper alimentary tract, is also observed in paediatric CD patients [5, 6] .
Abnormal response of the immune system to an unidentified antigen is reflected by the imbalance between pro-inflammatory and anti-inflammatory factors in mucosal membrane or in the whole intestinal wall. Molecules involved in the initiation of specific immune response include CD40 and CD80. CD40, a 45-50 kDa molecule, is a component of the CD40/CD40L pathway. It is classified as the type I transmembrane protein, which belongs to the TNF receptor superfamily. CD40 is expressed both on the surface of immune cells, including B lymphocytes, monocytes, macrophages and dendritic cells, and on the surface of non-immune cells: endothelial, epithelial and mesenchymal cells (fibroblasts), and thrombocytes. Binding CD40 to its specific ligand (CD40L) located on T lymphocytes causes the activation of B lymphocytes and macrophages; consequently, initiating pro-inflammatory and pro-coagulatory processes.
CD80 is a membrane receptor activated upon binding of CD28 or CTLA-4, i.e. co-receptors present on the surface of CD4+ and CD8+ lymphocytes. Interaction between CD80 and CD28 is necessary for transducing the signal of detecting the antigen by the antigen presenting cells (APCs); otherwise, T lymphocytes become anergic. For that reason, CD80 is expressed on the surface of many APCs, including macrophages, dendritic cells, Langerhans cells, and B lymphocytes.
Interactions within ligand-receptor pairs, such as CD80-CD28 or CD40L-CD40, are responsible for transducing the signal between T and B lymphocytes, and subsequent initiation of immune response. Presentation of CD40 on the surface of APCs or intestinal endothelial cells is associated with the resultant activation of the main histocompatibility complex (MHC) and co-stimulatory molecules, including CD80 and CD86. The CD40/CD40L-mediated processes are subsequently reflected by the secretion of many cytokines, such as IL-1, IL-6, IL-8, IL-12, and TNF-alpha [7, 8] .
The aim of this study was to quantify CD40-and CD80-positive cells in the biopsy specimens of large intestine mucosa obtained from children with IBD.
MATERIALS AND METHOD
The study comprised 38 children aged between 3-17 years (mean 11.5±3.7 years) -20 boys (52.6%) and 18 girls (47.4%). Eighteen patients were diagnosed with UC on the basis of clinical manifestation, endoscopic and histopathological findings. Mean age of this subgroup was 11.55±4.07 years. A group of 10 children (mean age 12.30±2.83) with CD was also included. The control group comprised 10 IBD-free children (mean age 10.28±4.07 years).
The severity and location of endoscopic changes were verified in all studied children; additionally, the histological examination of the obtained samples was performed and disease activity assessed. In the case of children with UC, the above-mentioned clinical variables were determined on the basis of the Rachmilewitz [9] endoscopic index, Prague classification, Geboes index, and PUCAI scale, respectively [6, 9, 10, 11, 12] . Endoscopic activity (SES-CD -Simple Endoscopic Score for Crohn's Disease), localization of the lesions (Montreal Scale), and the activity of the disease (PCDAI) were evaluated for patients with CD [13, 14, 15] .
The expressions of CD40 and CD80 on cell surfaces were analyzed in large intestinal mucosal biopsy specimens, fixed in formaldehyde, embedded in paraffin, and cut with a microtome into 4 µm slices. The slices were deparaffinized in xylene, and hydrated in alcohol series. The antigens were exposed to the antibodies to CD40 and CD80 in the presence of citrate (pH=6.0) or TrisEDTA (pH=9.0) buffers, respectively, in a water bath (20 min at 97 °C). The activity of endogenous peroxidase was blocked by 10-min incubation with 3% hydrogen peroxide. Subsequently, the slices were incubated overnight at 4 °C, with mouse anti-CD40 monoclonal antibody (1:25 dilution, R&D Systems), or with rabbit anti-CD80 monoclonal antibody (1:250 dilution, Abcam). The reaction was developed with biotinylated goat anti-rabbit and anti-mouse secondary antibodies conjugated with horseradish peroxidase (LSAB+, DAKO, Poland). Colour reaction for peroxidase was developed with DAB chromogene (DAKO, Poland). The number of CD40-or CD80-positive cells in large intestinal mucosa was expressed as the mean of the 3 high-power fields of vision (400 x).
Statistical analysis of results was conducted with the Statistica 2007 package. Due to the small size of analyzed groups, the normal distribution of studied variables was verified with the Shapiro-Wilk test. Normally distributed variables in 2 independent groups were compared with the Student's t-test. In the case of not normally distributed variables, the Mann-Whitney U-test was used for the comparisons of 2 independent groups, while more than 2 independent groups were compared with the KruskalWallis test. The values of dependent, not normally distributed variables were compared with the Wilcoxon test. Mutual relationships between analyzed variables were analyzed with the Spearman's coefficients of rank correlation. The statistical significance was set at p<0.05.
RESULTS
Immunohistochemical analysis revealed that the intestinal mucosa of patients with UC showed significantly stronger superficial expression of CD40 than in the controls in all 3 analyzed segments: caecum (p=0.048), sigmoid colon (p=0.00009), and rectum (p=0.001). Mean number of CD40+ cells in the caecal mucosa of UC patients ranged between 15-40 per 3 high-power fields (median: 40), compared to 1-40 in the controls (median: 2). The mean number of CD40+ cells in the sigmoid colon mucosa of UC patients ranged between 30-80 (median: 60; Fig. 1 ), being markedly lower in the controls (10-25 cells, median: 10). Also, the mean number of CD40+ cells in the rectal mucosa of UC children (15-40, median: 30) was higher than in the controls (1-20, median: 10).
The immunohistochemically-determined number of CD40+ cells in caecal and sigmoid specimens of CD patients was different from the controls (p=0.015 and p=0.05, respectively); no significant intergroup differences were observed in the case of rectal specimens (p=0.48). Mean number of CD40+ cells in the caecal mucosa of CD patients ranged between 2-80 per 3 high-power fields (median: 70), as compared to 1-40 cells in the controls (median: 2). The number of positive cells in the sigmoid mucosa of CD patients and the controls ranged from 10-99 (median: 40) and 10-25 cells (median: 10), respectively. The mean number of CD40+ cells per 3 high-power fields of rectal specimens ranged between 1-20 in each group (median of 5 and 10 in CD and control children, respectively).
Comparative analysis of the number of CD40+ cells in the large intestinal mucosa of children with UC and CD revealed segment-specific variability. While the patients with UC showed significantly higher proportion of CD40-positive cells in rectal specimens (p<0.0001), no significant intergroup differences were documented in the case of sigmoid (p=0.33) and caecal mucosa (p=0.48; Fig. 2 ). Comparative analysis of the number of CD80+ cells in the large intestinal mucosa of UC and CD patients revealed that the latter group was characterized by a significantly higher count of positive cells in caecal specimens (p<0.002). In contrast, these 2 groups did not differ significantly with regards to the number of CD80+ cells in sigmoid (p=0.1) and rectal specimens (p=0.06; Fig. 4) .
DISCUSSION
IBD represents a heterogeneous group of chronic inflammatory bowel diseases with unknown, most probably multifactorial, pathogenesis. This likely involves genetic predispositions, exposure to environmental factors, bacteria and cellular allergens, and deregulation of the intestinal immune system. The impaired immune response to gastrointestinal allergens, such as microorganisms or dietary components, is postulated to lead to the abnormal inflammatory response and the development of non-specific inflammation of the intestine [1, 16] .
During IBD, the immune balance of colonic mucosa is disturbed and the focal signs of inefficient immune response may be observed. Altered adhesion to endothelium of microvessels is reflected by the extravasation of T and B cells, leading to the concentration of a high number of plasmatic cells, as well as macrophages and neutrophils, in the mucosal membrane [17] .
Mediators released by the infiltrating mononuclear cells cause injury to mucosal membrane of individuals with UC, or to the deeper layers of the intestinal wall of CD patients. In the course of IBD, the signs of enhanced cytokine synthesis by immunomodulatory cells are observed within the mucosal membrane. Macrophages correspond to 15% of mononuclear cells present on the lamina propria of non- inflamed mucosa. In contrast, an increased number of monocytes and macrophages can be found in the inflamed mucosa as a result of migration into or through the mucosal lamina propria [14] .
Studies conducted by Danese et al. [18] , Battaglia et al. [19] , Polese et al. [20] , and Vogel et al. [21] , using immunohistochemical methods to analyze the distribution of CD40 within the normal mucosa of the large intestine, revealed the expression of this molecule only in solitary mononuclear cells of the mucosal lamina propria, as well as in the endothelial cells of submucosal microcirculation. In contrast, the expression of CD40 was not detected in the cells of mucosal muscle layer, and in the mesenchymal cells of submucosal membrane.
Also in the presented study, the number of CD40-positive cells in the control specimens was low (median number: 2 in the cecum, and 10 for both the sigmoid colon and rectum).
Many authors have noted the marked increase in the number of CD40-positive cells in the inflamed ileal or colonic mucosa of IBD patients [19, 22] . Using immunohistochemical techniques, the CD40-positive cells were identified as B cells, as well as endothelial cells, macrophages, and fibroblasts. Battaglia et al. [19] , Polese et al. [20] , and Vogel et al. [21] confirmed immunohistochemically that the actively inflamed intestinal wall of UC or CD patients contains mononuclear, endothelial, and mesenchymal cells showing strong expression of CD40, scattered both in the mucosal and submucosal membrane [19, 20, 21] . In the study by Polese et al. [20] , the number of CD40-positive cells in the colonic mucosa of UC patients was markedly elevated and correlated with disease activity determined on the basis of clinical, endoscopic, and histological criteria. There were statistically significant differences between UC and IBD patients (p<0.005), even when these 2 groups were compared during the period of remission (p<0.05). In contrast, the number of CD40-positive cells in CD and UC cells was similar. Mean percentage of CD40+ cells per one field of vision of the mucous membrane of the large intestine was 21±11% in UC, 24±9% in CD, and 7±7% in IBD. Moreover, it was revealed that during severe inflammation, the expression of CD40 on the cells of intestinal mucosa was significantly stronger, compared to moderately severe inflammation [23] .
In the current study, the number of CD40-positive cells both in UC and CD patients was higher than in the controls. In the case of UC patients, a significantly higher number of positive cells was documented in all 3 analyzed segments of the large intestine; whereas, significant differences were observed in CD patients in caecal and sigmoid specimens. The comparative analysis of the number of CD40-positive cells on the surface of large intestinal mucosa in both groups of patients revealed a higher number of these cells in UC patients, but only in the case of rectal specimens. In the study by Sawada-Hase et al. [24] , the location of CD40-positive cells in the intestinal mucosa of CD patients was analyzed using double-labeled immunohistochemistry. In the case of inflamed large intestinal mucosa, the expression of CD40 was revealed on a large number of mononuclear cells infiltrating the mucosal lamina propria. Additionally, these cells showed the superficial expression of CD68 (a marker of mature tissue macrophages); in contrast, there was no expression of CD40 and CD20 (an identification marker of B lymphocytes). Therefore, the CD40-positive cells present in the large intestinal mucosa of CD patients were identified as tissue macrophages. Similarly to previous studies, the number of CD40+ cells in normal mucosa was very low [24] .
In both groups of patients participating in the presented study, the CD40-positive cells were also located in the lamina propria of large intestinal mucosa, as well as on the surface of epithelial cells of glandular tubules. Intestinal epithelial cells constitute the key link between the environment and the host. They are involved in the regulation of inflammatory response of intestinal mucosal membrane to antigens. Moreover, they function as APCs for various subgroups of T cells, and play a role in innate immune response, secreting a panel of cytokines and chemokines. The involvement of intestinal epithelium was shown by Borcherding et al. [25] , who revealed the presence of CD40 on the surface of intestinal epithelial cells in the mucosal specimens obtained from CD and UC patients. The intraepithelial expression of CD40 was documented in the majority of patients with caecal and colonic inflammation associated with CD or active UC. The presence of CD40-positive cells in the epithelium of inflamed mucosa was observed both in the crypts and villi of the caecum, as well as in the colonic crypts, and on the surface of colonic epithelium. The expression of CD40 was polarized at the subcellular level, being limited to the basolateral membrane of epithelial cells. Both in CD and UC patients, the inflammatory infiltrate of CD40-positive cells was found to be significantly enhanced solely in the mucosal areas involved in the inflammatory process. In contrast, no intestinal epithelial expression of CD40 was documented in ileal and colonic biopsy specimens obtained from patients in remission. Similarly, the expression of CD40 was nearly absent on the intestinal epithelial cells of the controls. The intestinal epithelial expression of CD40 was observed in all patients with ileitis (100%) and in the majority of patients with the inflammation of large intestine (85%), who were in the active phase of CD; in contrast, the expression was lower in the relevant sites of patients in remission (20% of CD40-positive ileal cells, and 5% of colonic cells) [26] . Similar findings were documented in UC patients (92.5% of the positive cells in the active phase and 3.70% in remission). These results confirmed the epithelial expression and modulation of CD40 in mucosal membrane affected with IBD, as well as the pro-inflammatory activity of intestinal epithelial cells [27] . Battaglia et al. [19] observed that CD40-positive cells are absent in the biopsy specimens of microscopically-normal mucosa obtained from the sites distant from those involved in the inflammatory process [19] .
Mucosal biopsy specimens obtained from the large intestine of children with IBD showed a significantly higher density of CD40+ cells than the control specimens. Furthermore, the density of CD40-positive cells in the colonic biopsies of IBD children without the histological signs of inflammation was higher, although not markedly, than in the control non-IBD group. In contrast, the count of CD40+ in the colon of CD children was markedly elevated, compared to the controls. Moreover, the CD children showed a tendency for a higher density of CD40+ cells in the colon, compared to UC patients (mean rank 10.7 vs. 8.7) [28] .
Maerten et al. [29] and Rugtveit et al. [30] revealed that the expression of CD80 in normal ileal and large intestinal mucosa is low. In contrast, the percentage of CD80+ cells is significantly increased in the inflamed mucosa. Most immunohistochemically-identified cells with CD80 expression were located in the mucosal lamina propria and in the submucosal membrane. Macrophages located in the subepithelial region represented the highest fraction of CD80+ cells. The cells showing the expression of CD80 were observed on the surface of macrophages, both present within the lymphatic aggregates and scattered in the mucosal lamina propria of the large intestine of IBD patients (or the ileum of individuals with CD).
In the presented study, the number of CD80-positive cells in the caecum, sigmoid colon, and rectum of UC patients was significantly higher than in the controls. Moreover, the number of CD80+ cells in the mucosa of various large intestinal segments of CD children were analysed. Compared to the controls, this group was characterized by a significantly higher count of positive cells in the caecum, while no significant differences were documented in the case of sigmoid and rectal specimens. Comparative analysis of the mucosal expression of CD80 in UC and CD patients revealed that the latter group had a significantly higher number of positive cells in the caecum; in contrast, no significant intergroup differences were documented in the case of the sigmoid colon and the rectum. 
